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28
Establishing precise correlations between distant paleoenvironmental archives is important for 29 resolving the spatial and temporal complexity of past climatic changes. Tephra layers from large 30 explosive eruptions have proved to work as excellent isochrones directly linking marine and 31 terrestrial depositional successions and allowing an evaluation of the synchronicity of abrupt climate 32 changes [e.g., Davies et al., 2008] . Once dated, a tephra layer provides age control for all other 33 sections where it has been geochemically identified. Some tephras have been recently found at 34 distances of more than eight thousand kilometers from their source [Jensen et al., 2012] , which 35 attests to the potential of tephra for correlation of distant sites. In addition, tephra correlations permit 36 estimates of tephra volumes, which in turn may serve as a basis for evaluating magma output and 37 volcanic gas flux through time as well as contribute to hazard assessment.
38
Numerous distal tephra layers have been reported over northeast Asia and surrounding seas 39 ( Fig. 1 ) both in terrestrial and marine environments [Kotov, 1998; Nürnberg and Tiedemann, 2004;  populations: (1) three dates from the upper lacustrine deposits are early Holocene [Kotov, 1998] , and (2) ten dates from all the other layers are infinite (beyond the range of 14 C method, ~50 ka)
67
[ Anderson and Lozhkin, 2002] . Pollen data for the middle lacustrine package (Fig. 2) point to a 68 warmer-than-present climate [Anderson and Lozhkin, 2002] . The whole sequence, except for its
69
Holocene cover, has been related to the late Pleistocene [Kotov, 1998 ], more precisely, to the first 70 half of the Karginsky interstadial [Anderson and Lozhkin, 2002] traditionally assigned to MIS 3 71 [Astakhov, 2013] .
72
(2) El'gygytgyn Lake is located ~330 km southeast from the Rauchua site ( Fig. 1 ). It has 73 been cored several times since 1998 with a major ICDP core taken in 2009 [Melles et al., 2012] . The 74 pilot cores were integrated into the ICDP Site 5011 record, which spans the past 3.6 million years.
75
The age-depth model for the composite site was derived from the systematic tuning of various 76 proxies to the Northern hemisphere insolation and the marine oxygen isotope stack [Melles et al., 77 2012]. Eight visible tephra layers have been found in the composite core [Nowaczyk et al., 2013] .
78
Sample Lz1024-EL2, obtained from a pilot core in 2003 (Table 1 of the auxiliary material), comes 79 from the second layer from the top [Juschus et al., 2007] . The age of this tephra (labeled T1) was 80 estimated at ~177 ka [Nowaczyk et al., 2013] , and it falls into the MIS 6.5 warm phase [Frank et al., 81 2012].
82
(3) In core SO201-2-81KL (Bering Sea) ( Fig. 1 ) a layer of fine ash coded SR6 occurs at a 83 depth of 861.5-862.5 cm [Dullo et al., 2009] . Correlation of this core to the nearby core SO201-2-
84
85KL with the established age-depth model [Dullo et al., 2009; Riethdorf et al., 2012] Based on close resemblance of major and trace element composition of glass from Rauchua, T1,
118
SR6 and WP14 tephras we propose that they represent the same tephra. The age of ~177 ka obtained
119
for the Rauchua tephra in the El'gygytgyn Lake core [Melles et al., 2012] can thus be applied to all 120 other sites where this tephra is present. The Rauchua tephra has the greatest thickness (~10 cm) and 121 contains the coarsest material (medium sand) in core SO201-2-40KL (Fig. 1) . Dispersal pattern for 122 the Rauchua tephra, thus, points at Kamchatka rather than the Aleutian arc as a source (Fig. 1 ).
123
The however, which of these phases have caused the most prominent changes in the landscape over the 154 vast territory of the northeast Siberia, inducing permafrost melting or accumulation of massive silts.
155
In the absence of reliable dating tools, the age of terrestrial deposits beyond the limits of radiocarbon 156 dating remains very uncertain [Astakhov, 2013] .
in northeast Asia as well. The Rauchua tephra, thus, will allow an assessment of the regional 165 development of the 6.5 warming event. et al. (2011) . Long axis of the Rauchua tephra outline is ~1800 km. scapolite (USNM R6600-1) for Na, S and Cl, all from the Smithsonian collection of natural reference materials [Jarosevich et al., 1980] , rhyolitic glass KN-18 [Mosbah et al., 1991] for F and synthetic rhodonite for Mn were used for calibration and monitoring of routine measurements. Two to three analyses of the reference glasses and scapolite were performed at the beginning of analytical session, after every 50-60 analyses and at the end. The data reduction included on-line CITZAF correction [Armb, 1995] and small correction for systematic deviations (if any) from the reference values obtained on standard materials. The later correction did not exceed 5 % relative for all elements and allowed to achieve the best possible accuracy of the data and long-term reproducibility. The INTAV intercomparison of electron-beam microanalysis of glass by tephrochronology laboratories [Kuehn et al., 2011] revealed no systematic error for glasses compositions analyzed at GEOMAR lab (coded as lab #12).
During the data reduction we excluded EMP analyses with the totals lower than 93 wt%, which resulted from possible unevenness of sample surface, entrapment of voids or epoxy during analysis of very small glass fragments. The latter has been also identified by unusually high measured chlorine concentrations, which resulted from 3-4 wt% of Cl in the epoxy resin used in the course of this study (Buehler EpoThin). Analyses contaminated by occasional entrapment of crystal phases, usually microlites of plagioclase, pyroxene or Fe-Ti oxides, were identified on the basis of excessive concentrations of Al 2 O 3 , СаО or FeO (and TiO 2 ), respectively, compared to the prevailing composition of glasses in every sample. Because volcanic glasses can be hydrated over time during post-magmatic interaction with meteoric or sea water or contain significant but variable amount of H 2 O, not completely degassed during eruption, all analyses were then normalized to anhydrous basis. The original totals measured by EMP are given in Auxiliary materials Tables 3 and 5. 
